Background 32
The implementation of Food Safety Management Systems (FSMS) in small and medium food 33 businesses can be problematic owing to barriers and limitations which, although common to all 34 food businesses, appear to be particularly challenging for this category (Mensah & and owned by one person or a family, with 97.3% classed as small-medium sized i.e. employing 42 less than 50 people (Violaris, et al., 2008) . This business profile suggests that the Cypriot Food 43
Industry might face some difficulties in complying with the EU legislation. Violaris et al ( 2008) 44 estimated that only 17% of food businesses in Cyprus had implemented HACCP and that more 45 than half ( 55%) of the small businesses did not know what HACCP was. To assist the food 46 businesses comply with the EU regulations, the Cyprus Government organized a system of 47 external consultancy companies. These companies offered mandatory assistance to the food 48 industry to enable compliance. Fees were charged to the business for the consultancy service 49 which included basic food hygiene and HACCP training, an initial diagnostic visit to identify areas 50 for attention, subsequent visits to provide advice on structural and procedural matters and 51 assistance in developing and implementing a bespoke HACCP plan. 52
Food Safety Management in Cyprus 53
On becoming a member of the European Union in 2004, food businesses in Cyprus were 54 required to comply with the Council Directive 93/43/EEC on the Hygiene of Food stuffs. This 55 contained a requirement for food safety management based on HACCP but allowed some 56 flexibility in the interpretation, reflecting the nature and size of the food business. At this time 57
there also existed in Cyprus a national HACCP standard, the CYS 244 standard, (Anonymous, 58 2001a) based on the Greek national standard EΛOT 1416 (Anonymous, 2000) . The CYS 244 59 standard required implementation of pre-requisite programmes and the seven principles of 60 HACCP in full, including documentation. It represented a more prescriptive standard than that 61
supported with universal uptake by the businesses. This made the inclusion of a matched control 95 group in the study impossible. The sample group included restaurants, fast food enterprises, 96 catering premises, traditional tavernas, confectionaries, meat products premises and bakeries, 97 reflecting the range of businesses trading on the Island of Cyprus.. The participants were located 98 in all areas of the Island and none had more than 21 employeesThese characteristics indicate 99 that the composition of the sample group was representative of the food businesses in Cyprus. 100
In total fifty volunteer SME's were recruited to participate in the study. Cochran's equation 101 (confidence level 95% and precision 10%) identified a minimum sample size of 45 premises 102 (Cochran, 1977) . During the study each business was provided with support from the 103 consultancy scheme. This support covered training and implementation. Between stage 1 and 2, 104 participants received introductory training in food hygiene and HACCP and assistance to 105 implement the pre-requisite programmes, including the development of a sampling plan. After 106 stage 2, they were given training in the principles of HACCP, assistance in developing a HACCP 107 plan and the use of food hygiene guides to assist compliance. After stage 3 the CYS standard 108 was introduced and after stage 4 participants were trained in the details of ISO 22000. 109 110
Ethical consideration 111
All Food Business Operators were fully informed of the purpose of the study which was designed 112 to run alongside the implementation of their system. The voluntary nature of their participation 113 and how the data would be anonymised and used was explained. After discussing the matter 114 they were given the option to participate or not. All 50 allocated in 2005 agreed to participate. 115 116
Audit 117
Premises hygiene was assessed using an audit tool developed for the purpose. and analyze environmental, food and water samples. In each premises a stainless steel surface 162 was swabbed and the total viable count measured. The same type of surface was swabbed for 163 consistency, and stainless steel surface was selected as this could be found in all premises in the 164 study group. Surfaces were swabbed using a sterile poly-cotton headed swab (Biomerieux 165 Hellas). which had been hydrated in letheen broth, in a sealed sterile container. A sample area of 166 64 cm 2 was swabbed, using a template and a width-wise back and forth motion across the 167 surface. The swab was replaced in the container and taken to the relevant accredited laboratory 168 for analysis. 169
Water samples were taken from all participating premises and tested for standard parameters 170 and the results were reported as being compliant or not with the national standards. Table 1  171 indicates the parameters assessed and the relevant quality standard which sets the accepted 172 level for each parameter. 173
Food samples were also taken for every food premises. The sample group included a wide range 174 of business types and food stuffs. Each business was assessed individually and five high risk 175 foods identified in each of them. These selected foods were then tested for compliance based 176 The scores from the hygiene test taken by the staff in participating premises were tested using 213 the Wilcoxon Signed Rank test to determine if there was any significant difference in the scores 214 at level 1, 2 and 4. 215
The Environmental Samples were swabs taken from designated surfaces in each food premises. 216
Total viable counts were reported for each sample and log transformed. The resultant data was 217 tested for normality using Kolmogorov-Smirnov test and, when found not to be normally 218 distributed, analysed using the Mann -Whitney test for independent samples. The Bonferroni 219 correction was calculated and a critical value of 0.0125 applied. 220
Five food samples were taken in each premises at every collection point. The foods were 221 analysed according to the relevant standard and reported as being compliant or non-compliant 222 for the relevant parameters. The proportion of compliant and non compliant samples at each 223 stage was compared to determine if compliance was improving as the study progressed. Chi 224
Square was used to determine if the differences were significant using a critical level of 0.05.
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occurred between audit 4 and 5. The maximum possible score in this section was 33 and the 235 median score for the group in both audit 4 and 5 was 27.73. This suggests the majority of 236 structural improvements were carried out during the early stages of the study and once the 237 group achieved a high level of compliance, no further changes were made in structure. 238
Part B of the audit represents the levels of cleaning and disinfection carried out by the sample 239 group. The score for this section improves to a maximum in audit 3 and then decreases by audit 240 4 and again in audit 5. All differences were significant (p< 0.01, Wilcoxon Signed Rank test). 241
However the median score in audit 5 is still higher than in audit 1, indicating a sustained 242 improvement. 243 Section C (process controls) also shows an improvement in score followed by a decrease. In 244 Section C the maximum median score is found in audit 4. The difference in audit score is 245 significant between all audits (p<0.01, Wilcoxon Signed Rank test). However the difference 246 between the audit score for Section C at audit 1 is not significantly different from the score at 247 audit 5 (p=0.04), indicating no sustainable improvement occurred over the period of the study. 248
Section D of the audit assessed whether food water and environmental samples were being 249 taken in the study group. The scores improve to audit 4 and then remain the same in audit 5. 250
The difference in the scores over the first 4 audits are significant (P<0.01, Wilcoxon Signed Rank 251 test). This section assesses whether the samples were being taken, not whether they complied 252 with the required standards. As the samples were collected by independent laboratory staff who 253 were being paid for the process, this section of the audit really represents the point at which the 254 Food Business Operator organised the sampling and doesn't reflect further action or compliance 255 on the part of the business. 256
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The final part of the audit, Part E, measured the Food Business Operator's success in 257 implementing HACCP. This part was used for audits 3, 4 and 5 since at audit 1 and 2 there was 258 no HACCP in the premises, so the score was 0. The scores improve between audit 3 and 4 and 259 then deteriorate in audit 5. The differences were highly significant with p<0.01(Wilcoxon Signed 260
Rank test). 261 262

Food Hygiene Knowledge 263
The test scores of the 438 staff working in the participating food premises were compared after 264 each level. The scores improved from a mean score of 39.7% on the first assessment to 85. 
Food Samples 296
There were five sampling points with 250 samples being taken each time (n=250).At the first 297 sampling point, prior to the implementation of any systems, 21 (8.4%) of the food samples were 298 reported to be non compliant. After implementation of the PRP's (stage 2) this dropped to 15 299 non-compliant samples (6%). At sampling point 3 (after implementation of HACCP) the non 300 compliant samples were also 15 (6%) but at stage 4 and 5 (after implementation of CYS and ISO 301 2200) the number of violations increased to 22 (8.8%) and 27 (10.8%) respectively. Although 302 there were more non compliances at the end of the process than there had been in the 303 beginning, these differences were not found to be statistically significant. 304 305
Water Samples 306
One water sample was taken from every premises at each sampling point. These were reported 307 as being compliant or non compliant with the CYS, APHA or EΛOT standard according to the 308 parameter tested. Results for chemical standards were consistent through out the study with 2% 309 of the samples reported as noncompliant. Results for microbiological standards showed a 310 reduction in non-compliant samples from 34% at stage one to 20% at sampling points 4 and 5. 311 312
Cost 313
The cost to the business of implementing the food safety management systems described in this 314 study varied within the sample group. Structural costs ranged from a minimum of €1200 to a 315 maximum of €30,000. The average cost for structural change within the sample group was 316 €10,896. Implementation costs also varied widely from a minimum of €3000 to a maximum of 317 €25,000 and an average of €10,750. The minimum spent by any single business over all was 318 €4,200 and the maximum was €48,400. 319 M A N U S C R I P T
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Discussion 321
All sections of the audit score show the sample group made improvements in hygiene during 322 the study by comparison with their score at the beginning. However, Sections B (cleaning and 323 Disinfection), C (process controls) and E (Food Safety Management System implementation) all 324
show an improvement to a maximum (either level 3 or 4), after which they deteriorate. Level 325 four represents the stage at which the businesses were supposed to implement the CYS 326 244standard and level 5 ISO 22000. The implication from these sections of the audit is that the 327
businesses were able to demonstrate an improvement in hygiene using the PRP's and HACCP , 328 but once they attempted the more onerous and complex CYS 244 and ISO 220, they were less 329 successful and the standards dropped. 330
The same pattern can be seen in the attitude scores from the Food Business Operators . At the 331 first assessment the mean score was 43.56 which rose after implementation of HACCP to 47.32. 332
However once the CYS 244 standard was attempted, the Food Business Operator attitude 333 became more negative and finally after attempting the ISO 22000, it was more negative than at 334 the start of the process, mean score of 39.54 compared to 43.56 at the start. This suggests that 335 the deterioration in audit score may be a reflection of the increasingly negative attitude of the 336 Food Business Operator. When asked if they wished to stop implementing the Food Safety 337
Management System, 90% of the participants said yes after trying to implement ISO 22000, 338 while only 10% answered 'yes' after trying to implement HACCP. ISO 22000 is not an appropriate 339 system for small food businesses because of its management, communication and audit 340 requirements and the results from this study suggest that forcing a food business to implement 341 a system which is too complex can result in a deterioration of standards instead of an 342 improvement. This study finished in 2008. In 2014 the sample group was revisited and it was 343 discovered that five of the 50 businesses had closed. Of the remaining 45, only seven were still 344 using the HACCP system and none were using CYS 244 or ISO 22000. The remaining 38 premises 345 were using only pre-requisite programmes with limited record keeping. None of the premises 346 were formally audited on the re-visit, so hygiene scores cannot be compared. 347
Two sections of the audit did not show the pattern described above. Section A measured the 348 changes in structure and equipment in the sample group. The scores in part A increased to a 349 maximum at stage 4 and remained at that level. The likely explanation is that once a Food cleaning and process controls. The final score for both these sections of the audit is higher than 365 the original, suggesting that sustained improvement has occurred and that the increased 366 hygiene knowledge of the staff may have contributed to that change. 367
The water used in all the premises in this study was sourced from the main water supply in 368
Cyprus. Water supplied in this way is treated at authorised treatment plants . The As explained in the methodology, due to the legal requirement and government support for 375 food businesses in Cyprus during the study period, it was not possible to identify a control group. 376
Audits scores and attitude measurements from a sample of premises who were not participating 377 in the consultancy scheme and who did not implement any Food Safety Management Systems 378 over the same period would have been a valuable comparison. However, the method has been 379 used in previous studies where a control group was possible (Kirby, 1997) . In this case the 380 changes in premises hygiene as a result of the intervention were confirmed by comparison with 381 the control group, suggesting that the methodology used here is valid. 382
All the participants in this study were obliged to spend money in order to implement the Food 383 Safety Management Systems. The minimum total spend by any business in the group was 384 €4,200. The maximum spent by single premises was €48,400, with the average total spend being 385 €21,646. All the study participants were small businesses. The largest had only 21 employees. 386
Additional expenditure of a few thousand euros would be considered significant for a small 387 family run business, but many were required to spend considerably more to comply with the M A N U S C R I P T
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